Methods of Mathematical Physics
Workshop 3:  Artificial Gravity
An example of a non-inertial fram which is simpler than one attached to the surface of the rotating Earth is one fixed in the inner surface of the giant spaceship described in Arthur C. Clarkes novel Rendevous with Rama.  Rama is a hollow cylinder of radius 10 km and length 50 km which rotates with a period of 4 minutes.  The spin provides an artificial gravity for the passengers who live on the inner surface of the cylinder.  There is no latitude effect on a rotating cylinder as all points on its curved surface have the same velocity about its axis.  But the other effects arising from the acceleration of the reference fram are present.

Problem 1:  Recreational Sports on Rama

a) Show that the inhabitants of Rama who live on its inner curved surface experience only a negligible tru gravitational force arising from its mass.  Assume the material fo Rama has a density of 8500 kg/m3.
b) What is the effective gravitational acceleration at the inner surface of Rama arising from it’s rotation?

c) A projectile is launched at 
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from  the inner surface of Rama with a velocity 
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normal to the “ground” which is small compared with its rotational velocity.  Show that the height y of the projectile at time t is given approximately by
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Where g is the effective gravitational acceleration on Rama.  (Thus, the rotation of Rama mimics gravity for the particular case of the motion of a projectile.)

d) Suppose we decide to pass our time on Rama by playing golf.  Then the effect which causes object thrown up from the Earth’s surface to be displaced on landing will come into play (the ground accceleration effect).  To see the importance of this effect in a game of golf calculate the deviation suffered by a drive struck down the fairway aligned parallel to the cylinder axis.  Take the initial speed of the ball to be 50m/s and the angle of launch as 25o and ignore lift forces on the ball

e) What would be the effect of the rotation of Rama on a long putt hit along a line parallel to the axis of the cylinder?

f) If we find golf too difficult under these condition we can always take up tennis where the time of flight (typically less than 1s) of the ball is much shorter than in golf.  However, another effect of the accelerating from ahs to be reckoned with:  When serving the ball is launched from a ehight about 2 m above ground level which is 2 m closer to the cylinder’s axis.  By how much will this cause a serve to deviate for a court oriented along the length of the cylinder?
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